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(54) OPTICAL INFORMATION RECORDING IVIEOIUM AND OPTICAL INFORfyiATION RECORDING 
METHOD, OPTICAL INFORMATION RECORDING DEVICE 



(57) An optical information recording medium ac- 
cording to the present invention includes a first informa- 
tion recording layer on which information is to be record- 
ed by laser light; and a second information recording lay- 
er on which Information Is to be recorded by the laser 
light which has passed through the first information re- 
cording layer. The first information recording layer in- 
cludes at least one of a reproduction-only area and a 



recording and reproduction area. The second informa- 
tion recording layer includes a test recording area. At 
least one of the reproduction-only area and the record- 
ing and reproduction area, and the test recording area 
is located such that one of the reproduction-only area 
and the recording and reproduction area includes an ar- 
ea of the first information recording layer through which 
the laser light for recording infomnation in the test re- 
cording area passes. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an opticaL in- 
formation recording medium, an optical information re- 
cording method and an optica! information recording ap- 
paratus, for optically recording information. In more de- 
tail, tlie present invention relates to an optica! informa- 
tion recording medium including a first information re- 
cording layer on which information is to be recorded by 
laser light and a second information recording layer on 
which information is to be recorded by the laser light 
which has passed through the first infomnation recording 
layer; and a method and an apparatus for the optical 
information recording medium. 

BACKGROUND ART 

[0002] Recently, optical discs, optical cards, optical 
tapes and the li!<e have been developed as optica! in- 
formation recording mediator allowing information to be 
optically recorded. Among these, optical discs have at- 
tracted attention as optical information recording media 
for allowing a large capacity of information to be record- 
ed at high density. 

[0003] One type of rewritable discs are phase-change 
optical discs. A recording layer used for a phase-change 
optical disc is reverslbly changed to either an amor- 
phous state or a crystalline state, depending on the con- 
ditions of heating by laser light and the cooling condi- 
tions. The recording layer has different optical constants 
when in an amorphous state from when in a crystalline 
state. Therefore, in the case of a phase-change disc, 
one of the two stales is selectively fonned In the record- 
ing layer In accordance with information to be recorded, 
and the resultant optical change (i.e.. a change in trans- 
mittance or reflectance) is utilized. Thus, information re- 
cording and/or reproduction can be performed. In order 
to obtain the two states, information is recorded as fol- 
lows . 

[0004] A recording layer of an optica! disc is irradiated 
with pulse-type laser light (referred to as a "recording 
pulse") at a power for raising the temperature of the re- 
cording layerto equal to or higherthan the melting point. 
As the laser tight passes, the melted portion of the re- 
cording layer is rapidly cooled into a recording mark in 
an amorphous state. Alternatively the recording layer is 
Irradiated with focused laser light at a power for raising 
the temperature of the recording layer to a point equal 
to or higher than the crystallization point but equal to or 
lower than the melting point. Then, the portion of the 
recording layer irradiated with the laser light is placed 
into a crystalline state. 

[0005] An optical disc Is a recording medium which is 
exchangeably mounted with other optica! discs on an 
optica! disc recording and reproduction apparatus. 
Therefore, the optical disc recording and reproduction 



apparatus needs to stably perform recording on or re- 
production from a plurality of optica! discs. Even optica! 
discs produced underthe same conditions may have dif- 
ferent recording mark states or may be differently influ- 

5 enced by thermal Interference between recording 
marks, due to different thermal characteristics thereof 
which are caused by dispersions at the time of produc- 
tion and/or time-wise changes. This may result in differ- 
ent recording conditions Including the recording power 

10 for the optical disc and the optimum edge position of the 
recording pulse. 

[0006] In order to stably record information without 
being influenced by changes in such recording condi- 
tions, an optical disc recording and reproduction appa- 
13 ratus obtains recording conditions before recording in- 
formation on an optical disc. Specificaliy before record- 
ing information on an optical disc, an optical recording 
and reproduction apparatus performs test recording us- 
ing a specific data pattern (referred to as "test informa- 

^0 tion"), reproduces the test information, and measures 
the reproduced signal so as to obtain the recording con- 
dition, This process is referred to as "test recording". Op- 
tical discs have an area used by the test recording, 
which Is referred to as an "test recording area". 
[0007] A rewritable disc has a reproduction-only area 
pre-formed in a specific portion. The reproduction-only 
area includes convex and concave phase pits. In the re- 
production-only area, information which does not need 
to be rewritten, for example, information on the optical 

30 disc Itself or address information, is recorded. This area 
is also referred to as an "emboss area". 
[0008] An area in which information is recorded by 
forming a recording mark is referred to as a "recording 
and reproduction area". In the recording and reproduc- 

35 tion area, information which has a possibility of being 
rewritten is recorded. 

[0009] A general rewritable optical disc has a data ar- 
ea in a centra! portion in a radial direction thereof, and 
has a lead-in area in a portion Internal with respect to 

^0 the data area, and a lead-out area in a portion external 
with respect to the data area. In genets ^ an area for 
recording management information of the optical disc 
and/or a test recording area Is provided In the lead-in 
area and the lead-out area. 

^5 [0010] Recently, there has been strong demand for 
the optical discs with a higher recording density. In re- 
sponse to this demand, a multi-layer recording medium 
having two or more information recording layers in a 
thickness direction of the disc is proposed. Information 

^0 can be recorded on each of the Information recording 
layers. 

[0011] In such a multi-layer recording medium, each 
of the Infomnation recording layers often have different 
recording characteristics. This requires test recording to 
55 be performed for each information recording layer. One 
exemplary method of such test recording is disclosed in 
Japanese Laid-Open Publication No. 11-3550. 
[0012] However, conventional methods do not con- 
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sider the following phenomenon. When test recording Is 

performed on an information recording layer of a multi- 
layer recording medium which is far from the laser inci- 
dence surface (the information recording layer far from 
the laser incidence surface wtil be referred to as a "sec- 5 
end information recording layer"), the second informa- 
tion recording layer is infiuenced by the state of an in- 
formation recording layer which is closer to the laser in- 
cidence surface (the information recording layer closer 
to the laser incidence surface will be referred to as a io 
"first information recording layer"). 
[0013] Laser light used for recording information on 
the second information recording layer may become 
non-uniform when the laser light has passed through a 
certain area of the first information recording layer. In is 
this case, test recording would not provide accurate re- 
cording conditions, 

[0014] The light transmittance of an information re- 
cording layer varies depending on whether information 
is recorded or not in the recording and reproduction area 
of the infonnation recording layer Therefore, the 
amount of laser light reaching the second information 
recording layer varies in accordance with the ratio of an 
unrecorded area and a recorded area In a light spot of 
the laser light on the first information recording layer, the 
light spot being formed before the laser light Is used for 
test recording on the second information recording lay- 
er As a result, accurate recording conditions are not ob- 
tained. 

[0015] The light transmittance of an unrecorded area 30 
in the recording and reproduction area can be consid- 
ered to be equal to the light transmittance of the repro- 
duction-only area. However, the light transmittance of a 
recorded area in the recording and reproduction area is 
different from the light transmittance of the reproduction- 35 
only area. Accordingly, when test recording is performed 
on the second information recording layer, the amount 
of laser light reaching the second information recording 
layer varies also in accordance with the ratio of the re- 
production-only area and the recording and reproduc- 40 
tion area in a light spot on the first Information recording 
layer (and the ratio of the recorded area and the unre- 
corded area In the recording and reproduction area). 
[0016] The second Information recording layer Is in- 
fluenced by the state of the first information recording 45 
layer when information (for example, user data informa- 
tion) is recorded in a recording and reproduction area of 
the second information recording layer, as well as at the 
time of test recording. In this case also, information can- 
not be accurately recorded, which reduces the signal 50 
quality used for reproducing the recorded information. 
[001 7] The present invention, to solve these problems 
of the prior art, has an objective of accurately obtaining 
optimum recording conditions for an optical Information 
recording medium having two or nnore information re- 
cording layers, and another objective of accurately re- 
cording information on each of two or more information 
recording layers of an optical information recording me- 



dium. 

DISCLOSURE OF THE INVENTION 

[0018] An optical information recording medium ac- 
cording 1.0 the present invention includes a firsl informa- 
tion recording layer on v\.^hich information is io be record- 
ed by laser light; and a second information recording lay- 
er on which information Is to be recorded by the laser 
light which has passed through the first information re- 
cording layer. The first information recording layer in- 
cludes at least one of a reproduction -only area and a 
recording and reproduction area. The second informa- 
tion recording layer includes a test recording area. At 
least one of the rGproduction-oniy area and the record- 
ing and reproduction area, and the test recording area 
is located such that one of the reproduction -only area 
and the recording and reproduction area includes an ar- 
ea of the first information recording layer through which 
the laser light for recording infonnation In the test re- 
cording area passes. 

[0019J The optical information recording medium may 
further include a separation layer for separating the first 
information recording layer and the second information 
recording layer from each other The area of the first in- 
formation recording layer, through which the laser light 
for recording information In the test recording areapass- 
es, may extend outward from an outer end of an area of 
the first Information recording layer corresponding to the 
test recording area by a length 5, the length 6 being rep- 
resented by; 

5 = d.tan(sin"''(NA/n)), 

where d is a distance in a thickness direction between 
the first information recording layer and the second In- 
formation recording layer; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0020] The second Information recording layer may 
have a data recording area which extends from an end 
of the test recording area by at least the length 5 
[0021] The area of the first information recording lay- 
er, through which the laser light for recording. information 
in the test recording area passes, may extend outward 
from the outer end of the area of the first information 
recording layer corresponding to the test recording area 
by a length 6', the length 6' being represented by: 

6' - d-tan(sin'\NA/-n)) 4- dm 

where 6m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer 

[0022] The second information recording layer may 
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include a data recording area which extends from the 
end of the test recording area by at least the length d\ 
[0023] An optical information recording medium ac- 
cording to the present invention includes a first informa- 
tion recording layer on which information is to be record- 5 
ed by laser light; and a second information recording lay- 
er on which information is to be recorded by the laser 
light which has passed through the first information re- 
cording layer. The first information recording layer in- 
cludes a prescribed area. The second information re- io 
cording layer includes a test recording area. The pre- 
scribed area and the test recording area are located 
such that the prescribed area includes an area of the 
first information recording layer through which the laser 
light for recording information in the test recording area 15 
passes. The prescribed area is entirely in a recorded 
state or entirely in an unrecorded state 
[0024] The prescribed area, when being in an unre- 
corded state, may be a recording prohibited area. 
[0025] The prescribed area, when being in an unre- 20 
corded state, may be a mirror area. 
[0026] The prescribed area, when being in an unre- 
corded state, may be a lead-in area. 
[0027] The optical information recording medium may 
further include a separation layer for separating the first 25 
infomnation recording layer and the second information 
recording layer from each other, The area of the first in- 
formation recording layer through which the laser light 
for recording information in the test recording area pass- 
es, may extend outward from an outer end of an area of 3o 
the first information recording layercorrespondingtothe 
test recording area by a length 3, the length 6 being rep- 
resented by: 

^ 35 
5 = d-tan (sin"^ (NA/n)), 

where d is a distance in a thickness direction between 
the first information recording layer and the second in- 
formation recording layer: n is a refractive index of the 40 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area, 

[0028] The second information recording layer may 
have a data recording area which extends from an end 45 
of the test recording area by at least the length 6. 
[0029] The area of the first information recording lay- 
er, through which the laser light for recording information 
in the test recording area passes, may extend outward 
from the outer end of the area of the first information so 
recording layer corresponding to the test recording area 
by a length 5', the length 5' being represented by: 

6' - d.tan(sin'^ (NA/n)) + 6m 

where 5m is a maximum positional offset distance be- 
tween the first Information recording layer and the sec- 



ond information recording layer 

[0030] The second information recording layer may 
include a data recording area which extends from the 
end of the test recording area by at least the length 5'. 
[0031] An optical information recording medium ac- 
cording Lo the present invention includes a first informa- 
tion recording layer on which information is to be record- 
ed by laser light; and a second information recording lay- 
er on which information is to be recorded by the laser 
light which has passed through the first information re- 
cording layer. The first information recording layer in 
eludes a test recording area and a recording and repro- 
duction area. A light transmtttance of an area of the first 
information recording layer, through which the laser light 
for recording information in the test recording area pass- 
es, is different from a light transmittance of an area of 
the first information recording layer, through which the 
laser light for recording information in the recording and 
reproduction area passes. Information for calculating an 
optimum recording condition of at least one of the test 
recording area and the recording and reproduction area 
is recorded in a specific area of either the first informa- 
tion recording layer orthe second information recording 
layer. 

[0032] An optical information recording medium ac- 
cording to the present invention includes a first informa- 
tion recording layer on which information is to be record- 
ed by laser light; and a second information recording lay- 
er on which information is to be recorded by the laser 
light which has passed through the first information re- 
cording layer The first infornnation recording layer in- 
cludes at least one of a reproduction-only area and a 
first recording and reproduction area. The second Infor- 
mation recording layer includes a second recording and 
reproduction area. At least one of the reproduction-only 
area and the first recording and reproduction area, and 
the second recording and reproduction area are located 
such that one of the reproduction-only area and the first 
recording and reproduction area includes an area of the 
first information recording layer through which the laser 
light for recording information in the second recording 
and reproduction area passes. 

[0033] The optical information recording medium may 
further include a separation layer for separating the first 
information recording layer and the second information 
recording layer from each other. The area of the first in- 
formation recording layer, through which the laser light 
for recording information in the second recording and 
reproduction area passes, may extend outward from an 
outer end of an area of the first information recording 
layer corresponding to the second recording and repro- 
duction area by a length 6, the length 5 being represent- 
ed by; 

5 = d-tan (sin'"* NA/n)), 
where d is a distance In a thickness direction between 
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the first Information recording iayer and the second in- 
formation recording layer; n is a refractive index of the 
separation iayer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the second 
recording and reproduction area. s 
[0034] The area of the firsl information recording lay- 
er through which the laser light for recording Information 
in the second recording and reproduction area passes, 
may extend outward from the outer end of the area of 
the first information recording layer corresponding to the io 
second recording and reproduction area by a length 6', 
the length 6' being represented by: 

6' ^ d'tan(sin'^ (NA/n)) + 5m ^5 

where 8m is a maximum positional offset distance be- 
tween the first information recording iayer and the sec- 
ond information recording layer 

[0035] A size of the reproduction-only area of the first 20 
information recording layer may be zero. 
[0036] An optical information recording medium ac- 
cording to the present invention includes a first Informa- 
tion recording layer on which information is to be record- 
ed by laser light; a second information recording layer 25 
on which information is to be recorded by the laser light 
which has passed through the first information recording 
iayer: and a separation iayer for separating the first in- 
formation recording layer and the second information re- 
cording layer from each other. The first information re- so 
cording layer includes at a first test recording area and 
a non-uniform iight prevention area. The second infor- 
mation recording layer includes a second test recording 
area. The non-uniform light prevention area, thefirsttest 
recording area and the second test recording area are 55 
located, such that a distance between the first test re- 
cording area and the second test recording area is 
greater than a length 6, and such that the non-uniform 
light prevention area includes an area of the first infor- 
mation recording layer through which the laser light for 40 
recording information in the second test recording area 
passes, the length 5 being represented by: 

6 - d.tan(sin"'(NA/n)), ^5 

where d is a distance in a thickness direction between 
the first information recording layer and the second in- 
formation recording layer; n is a refractive index of the 
separation layer; and IMA is a numerical aperture of an so 
objective lens for focusing the laser light to the second 
test recording area, 

[0037] The first information recording layer may in- 
clude at least one of a first lead-in area and a first lead- 
out area. The second information recording iayer may ss 
include at least one of a second lead-in area and a sec- 
ond lead-out area, The first lead-in area and the second 
lead-in area respectively may include the first test re- 



cording area and the second test recording area, or the 
first lead-out area and the second lead-out area respec- 
tively include the first test recording areaand the second 
test recording area. 

[0038] The non-uniform light prevention area of the 
first informalion recording layerniay be a reproduction- 
only area. 

[0039] The non-uniform light prevention area may be 
an area formed of at least one of the group consisting 
of a reproduction-only area, a recording prohibited area, 
and a mirror area. 

[0040] The area of the first information rocording lay- 
er, through which the laser light for recording information 
in the second test recording area passes, may extend 
outward from an outer end of an area of the first infor- 
mation recording layer corresponding to the second test 
recording area by a length 5', the length 5' being repre- 
sented by; 

6' = d.tan(sin"' (NA/n)) + 5m 

where 5m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer. 

[0041] The area of the first information recording lay- 
er through which the laser iightfor recording information 
in the second test recording area passes, may extend 
outward from an outer end of an area of the first infor- 
mation recording layer corresponding to the second test 
recording area by a length d\ the length 6" being repre- 
sented by: 

5' = d.tan(sin (NA/n)) + 6m 

where 5m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer. 

[0042] An optical information recording method ac- 
cording to the present invention is for an optical infor- 
mation recording medium including a first information 
recording layer on which information is to be recorded 
by laser light; and a second information recording layer 
on which information is to be recorded by the laser light 
which has passed through the first information recording 
layer. The first information recording iayer includes at 
least one of a reproduction-only area and a recording 
and reproduction area. The second Information record- 
ing layer includes a test recording area. The optical in- 
formation recording method includes the steps of re- 
cording information, In advance, in an area of the first 
information recording layer, through which the laser light 
for recording information in the test recording area is to 
pass; and recording the information in the test recording 
area after the step of recording the information in ad- 
vance. 

[0043] The optical information recording method may 
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further include a separation layer for separating the first 
information recording layer and tiie second information 
recording layer from each other. The area of the first in- 
formation recording layer, through which the laser light 
for recording infomnatlon in the test recording area pass- 
es, may extend outward from an outer end of an area of 
thefirsUnformation recording iayercorresponding lo the 
test recording area by a length 6» the length 6 being rep- 
resented by: 

5-d-tan(sin""'(NA/n)), 

where d is a distance in a thickness direction between 
the first Information recording layer and the second in- 
formation recording layer; n is a refractive index of the 
separation fayer; and IMA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0044] The area of the first information recording lay- 
er, through which the laser light for recording information 
in the test recording area passes, may extend outward 
from the outer end of the area of the first information 
recording layer corresponding to the test recording area 
by a length 6', the length 5* being represented by: 

6' = d-tan (sin"^(NA/n)) + 6m 

where 6m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer 

[0045] The information which Is recorded in advance 
may be information obtained by modulating dummy in- 
formation. 

[0046] The step of recording the information in ad- 
vance may Include the step of recording using a certifi- 
cation step. 

[0047] An optical information recording method ac- 
cording to the present invention is for an optical infor- 
mation recording medium including a first information 
recording layer on which information is to be recorded 
by laser light; and a second information recording layer 
on which information is to be recorded by the laser light 
which has passed through the first information recording 
layer. The first information recording layer includes at 
least one of a reproduction-only area and a recording 
and reproduction area. The second information record- 
ing layer includes a test recording area. The optical in- 
formation recording method includes the steps of deter- 
mining whether an area of the first information recording 
layer, through which the laser light for recording infor- 
mation in the test recording area passes, Is an area of 
one of the reproduction-only area and the recording and 
reproduction area which is an unrecorded state or an 
area of the recording and reproduction area which is in 
a recorded state; executing test recording In the test re- 
cording area so as to obtain a recording condition; and 



calculating an optimum recording condition for the sec- 
ond information recording layer based on the result of 
the determination and the obtained recording condition. 
[0048] The optical information recording medium may 

^ further include a separation layer for separating the first 
information recording layer and the second information 
recording layer from each other. The area of the first in- 
formation recording layer, through which the laser light 
for recording information in the test recording areapass- 

10 es, may extend outward from an outer end of an area of 
the first information recording layer corresponding to the 
tesf recording area by a length 5, the length 8 being rep- 
resented by: 

6 - d-tan (sin" '(NA/n)), 

where d is a distance in a thicl<ness direction between 
the first infonmation recording layer and the second in- 

20 formation recording layer; n is a refractive index of the 
separation layer: and NA is a numerical aperture of an 
objective lens for focusing the laser light to the second 
recording and reproduction area. 
[0049] The area of the first information recording lay- 

25 er, through which the laser lightfor recording information 
in the test recording area passes, may extend outward 
from the outer end of the area of the first information 
recording Iayercorresponding to the test recording area 
by a length the length 5' being represented by: 

30 

6' = d-tan(sjn""'' (NA/n)) + Sm 

where 6m is a maximum positional offset distance be- 
35 tween the first information recording layer and the sec- 
ond information recording layer. 

[0050] The information for calculating the optimum re- 
cording condition may be recorded in a specific area of 
the first information recording layer and the second in- 

40 formation recording layer. 

[0051 ] An optical information recording apparatus ac- 
cording to the present invention is for an optical infor- 
mation recording medium including a first information 
recording layer on which information is to be recorded 

45 by laser light; and a second information recording layer 
on which information is to be recorded by the laser light 
which has passed through the first information recording 
layer. The second Information recording layer includes 
a test recording area. The optical information recording 

50 apparatus includes an interference area determination 
section for determining an area of the first information 
recording layer through which the laser light for record- 
ing Information in the test recording area passes: a re- 
corded/unrecorded state determination section for de- 

55 termining whether the area of the first information re- 
cording layer through which the laser light for recording 
information In the test recording area passes, is in a re- 
corded state or in an unrecorded state; and a recording 
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section for recording a signal in the area of the first in- 
formation recording layer, through which the iaser light 
for recording infonnation In the test recording area pass- 
es, based on the results of the determination of the in- 
terference area determination section and the recorded/ s 
unrecorded state determination section. 

BRiEF DESCRIPTION OF THE DRAWINGS 

[0052] 10 

Figure 1 shows an external view of an optical infor- 
mation recording medium according to the present 
invention. 

15 

Figure 2 is a cross-sectional view of the optical in- 
fonnation recording medium according to the 
present invention. 

Figure 3 shows a format of a first information record- 20 
ing layer and a second information recording layer 
according to Example 1 of the present invention. 

Figure 4 shows a format of a first information record- 
ing layer and a second information recording layer 25 
of a comparative example. 

Figure 5 shows the length of a light spot of the first 
information recording layer (i.e., an area of the first 
information recording layer, through which laser 3o 
light passes) according to the present invention. 

Figure 6 shows a fomiat of a first information record- 
ing layer and a second information recording layer 
according to a modified example of Example 1 . 35 

Figure 7 shows a fomnat of a first information record- 
ing layer and a second information recording layer 
according to Example 2 of the present Invention. 

40 

Figure 8 shows a fonrtat of a first infonnation record- 
ing layer and a second information recording layer 
according to Example 3 of the present invention. 

Figure 9 is a block diagram of an optical information 45 
recording apparatus for creating an optical informa- 
tion recording medium according to Example 3 of 
the present invention. 

Figure 10 shows a format of a first information re- so 
cording layer and a second information recording 
layer according to Example 4 of the present Inven- 
tion. 

Figure 11 shows a format of a first Information re- 55 
cording layer and a second information recording 
layer according to Example 5 of the present inven- 
tion. 



Figure 12 shows a fomriat of a first information re- 
cording layer and a second information recording 
layer according to Example 6 of the present inven- 
tion. 

Figure 13 shows a fonnat of a plurality of informa- 
tion recording layers according to Example 7 of the 

present invention. 

Figure 14 shows a format of a first information re- 
cording layer and a second information recording 
layer according to Example 8 of the present inven- 
tion, 

BEST MODE FOR CARRYING OUT THE INVENTION 

[00S3] Hereinafter the present invention will be de~ 
scribed by way of illustrative examples with reference to 
attached drawings. 

(Example 1) 

[0054] This example relates to an optical information 
recording medium with which accurate recording condi- 
tions can be obtained by the test recording. 
[0055] Figure 1 is an external view of an optical infor- 
mation recording medium 100 according to the present 
invention. Hereinafter, the optical disc 100 will be used 
as a specific example of the optical information record- 
ing medium 100. 

[0056] Figure 2 Is a cross-sectional view Illustrating a 

structure of the optical information recording medium or 
the optical disc 100 The optical disc 100 has a multi- 
layer structure. As shown in Figure 2, the optical disc 
100 includes an incidence surface 110, a first informa- 
tion recording layer 120, a second information recording 
layer 130, and a separation layer 150 for separating the 
first information recording layer 120 and the second in- 
formation recording layer 130 from each other 
[0057] The first information recording layer 120 and 
the second information recording layer 130 are formed 
by p re-forming a groove or a phase pit in a first substrate 
140 and a second substrate 145 respectively, and then 
forming a protective layer, a recording layer, a reflective 
layer and the like thereon. The resultant first substrate 
140 and the resultant second substrate 145 are bonded 
together with an ultraviolet-curable resin or the like, so 
as to form the separation layer 1 50. The separation layer 
150 separates the first information recording layer 120 
and the second information recording layer 130 from 
each other. 

[0058] Laser light 170 is focused by an objective lens 
160 and then is incident on the Incidence surface 110. 
The laser light 170 records information on the Informa- 
tion recording layers. Figure 2 shows a state where in- 
formation is recorded on the second information record- 
ing layer 130 by the laser light 170 which has passed 
through the first information recording layer 120. 
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[0059] Next, a format of the optical disc 100 used In 
this example will be described. 

[0060] Figure 3 shows a format of the first information 
recording layer 120 and the second information record- 
ing layer 130. Figure 3 shows the format in a radial di- 
rection of the disc f rom the center of the optical disc 1 00. 
The center of the optical disc 100 is represented by "0" 
in the radial direction. The distance along the arrow la- 
beled as "radial direction" indicates distance from the 
center of the optical disc 100. The left side of the figure 
represents the inner side of the optical disc 100, and the 
right side of the figure represents the outer side of the 
optical disc 100. in Figures, it is assumed that laser light 
is directed toward the optical disc 100 from the bottom 
portion of the figure. 

[0061] The first information recording layer 120 in- 
cludes a first reproduction-only area (ROM) 122 and a 
first recording and reproduction area (RAiM) 124, The 
first recording and reproduction area 124 includes a first 
test recording area (TEST) 1 26 and a first data recording 
area (DATA) 128. In Figure 3, the first information re- 
cording Iayer120 includes the first reproduction-only ar- 
ea 122, the first test recording area 126, and the first 
data recording area 128 in that orderfrom the inner por- 
tion thereof. 

[0062] The second Information recording layer 130 in- 
cludes a second reproduction-only area (ROM) 1 32 and 
a second recording and reproduction area (RAM) 134. 
The second recording and reproduction area 134 in- 
cludes a second test recording area (TEST) 136 and a 
second data recording area (DATA) 138. An area 133 
between the second reproduction-only area 1 32 and the 
second test recording area 136 is, for example, an un- 
used area which has not been used, In Figure 3, the 
second information recording layer 130 includes the 
second reproduction-only area 132, the unused area 
133, the second test recording area 136, and the second 
data recording area 138 in that orderfrom the inner por- 
tion thereof. 

[0063] In the first reproduction-only area 122 and the 
second reproduction-only area 132, a phase pit array 

representing information is formed, in the first recording 
and reproduction area 124 and the second recording 
and reproduction area 134. grooves representing infor- 
mation are fonried. 

[0064] In this specification, It is assumed that in a re- 
production-only area, information which does not need 
to be rewritten, for example, information of the optical 
disc itself or address information, is recorded. By con- 
trast, it is also assumed that in a recording and repro- 
duction area, information which has a high possibility of 
being rewritten is recorded. Since different types of in- 
formation are recorded in the reproduction-onfy area 
and In the recording and reproduction area, the informa- 
tion is recorded in different forms in the reproduction- 
only area and In the recording and reproduction area as 
described above. In the reproduction-only area, infor- 
mation which does not need to be rewritten is recorded. 



Therefore, such information is recorded with a phase pit 
array, simultaneously with the formation of the sub- 
strate, in the recording and reproduction area, informa- 
tion which has a high possibility of being rewritten is re- 
5 corded. Therefore, information is recorded in the form 
of a recording mark on the recording layer which is 
formed on the grooves. 

[0065] In this specification, a test recording area is 
used for performing test recording on the information re- 
10 cording layer including the test recording area. A data 
recording area is used for recording user data informa- 
tion 

[0066] In this example, the first ir^formation recording 
layer 120 and the second information recording layer 
15 1 30 are provided from the center of the d isc substantial ly 
parallel to each other and have substantially the same 
length as each other. 

[0067] Throughout this specification, for easier under- 
standing of the invention, when the optical information 

20 recording medium includes two information recording 
layers, the infomnation recording layer which is closer to 
the incidence side of the optical information recording 
medium is referred to as the "first information recording 
iayer" , and the information recording layer which Is far- 

25 ther from the incidence side of the optical information 
recording medium is referred to as the "second informa- 
tion recording layer". As described in detail below, the 
number of the information recording layers of the optical 
information recording medium is not limited to two. The 

50 present invention is applicable to an optical information 
recording medium having a plurality of information re- 
cording layers. 

[0068] Returning to Figure 3, the format of the optical 
disc 100 will be described. 

35 [0069] The first recording and reproduction area 124 
of the first information recording layer 120 extends from 
position r1 to an outer periphery of the optical disc 100. 
[0070] The second test recording area 136 of the sec- 
ond information recording layer 130 extends from posi- 

40 tion r2 by distance a. 

[0071] The start point of the first recording and repro- 
duction area 124 is closer to the center of the disc by 
length 6 than the start point of the second test recording 
area 136. In this specification, a "start point" of an area 

45 refers to the point in an area having the shortest distance 
from the center of the disc, and a "termination point" of 
an area refers to the point in an area having the longest 
distance from the center of the disc. 
[0072] Here, it is assumed that infomriation is record- 

50 ed in the second test recording area 136 in order to per- 
form test recording of the second information recording 
layer 130. 

[0073] The laser light 1 70 for recording information in 
the second test recording area 136 passes through the 
55 first information recording layer 120. Sincethe laserlight 
170 is focused after being incident, an area (light spot) 
175 of the first information recording layer, through 
which the laser light 170 passes, is larger than the sec- 
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ond test recording area 1 36. In this example, the optical 
disc 100 is structured such that the first recording and 
reproduction area 124 includes the area 175 of the first 
information recording layer 120 through which the laser 
light 170 passes tor recording information in the second 
test recording area 136. For this reason, the start point 
of the first recording and reproduction layer 124 is closer 
to the center of the disc by length 5 than the start point 
of the second test recording area 136. fn Figure 3, only 
the laser light 170 incident in a portion internal to the 
second test recording area 136 is considered. The rea- 
son is that, since in this structure, the first recording and 
reproduction area 1 24 extends from the start point of the 
first test recording area 126 to the outer periphery of the 
disc, it is not necessary to consider the laser light 170 
incident in a portion external to the second test recording 
area 136. 

[0074] The length of the area 175 of the first informa- 
tion recording layer 120, through which the laser light 
170 which is to be focused in the second test recording 
area 1 36 passes, equals 5 + a + 6, Namely, the area 1 75 
includes an area corresponding to the second test re- 
cording area 136 having the length a and two areas re- 
spectively extending from an inner end and an outer end 
of the above-m.entioned area toward the center of the 2s 
disc and the outer periphery of the disc, each extending 
area having length 6. As described above, such a size 
of the area 1 75 results from the fact that the diameter of 
the spot of the laser light 170 at the first information re- 
cording layer 120 is greater than that at the second in-' 30 
formation recording layer 130. In the case where the first 
recording and reproduction area 124 and the second 
test recording area 136 are located such that the first 
recording and reproduction area 124 includes at least 
the area 1 75, the laser light 1 70 passes through only the 35 
first recording and reproduction area 124 when passing 
through the first information recording layer 120 in the 
test recording performed using the second test record- 
ing area 136. 

[0075] As described above, the first recording and re- 4o 
production area 124 and the second test recording area 
136 are located such that the laser light 170 passes 
through only the first recording and reproduction area 
124 when passing through the first information record- 
ing layer 120 in the test recording performed on the sec- 45 
ond test recording area 1 36. The reasons are as follows . 
[0076] A recording and reproduction area and a re- 
production-only area are formed in different forms, 
Therefore, the light transmittance of the recording and 
reproduction area may sometimes be different from the 50 
light transmittance of the reproduction-only area. When 
laser light passes through both the reproduction-only ar- 
ea and the recording and reproduction area in this case, 
a component of light passing through the reproduction- 
only area and reaching the second information record- 55 
ing layer and a component of light passing through the 
recording and reproduction area and reaching the sec- 
ond information recording layer will have different 



amounts. 

[0077] The light transmittance of an unrecorded area 
in the recording and reproduction area can be consid- 
ered to be equal to the light transmittance of the repro- 
duction-only area. However when the recording and re- 
production area has infornnation recorded therein, the 
light transmittance of a recorded area in the recording 
and reproduction area is different from the light trans- 
mittance of the reproduction-only area. Accordingly, 
when information is recorded in the recording and re- 
production area of the first information recording layer, 
the light transmittance is different between the repro- 
duction-only area 122 and the recording and reproduc- 
tion area 124 of the first information recording layer 120. 
[0078] In a recording and reproduction area, a record- 
ing mark (in an amorphous state) is fonned. When the 
recording mark is formed, the fight transmittance of the 
recording and reproduction area is raised in some cases 
and is reduced in other cases. Hereinafter, the case 
where the light transmittance is raised will be described. 
In this case, the amount of light transmitted through the 
recording and reproduction area is larger than amount 
of light transmitted through the reproduction-only area. 
[0079] For comparison, Figure 4 shows a format of an 
optica! disc 400 in which a first information recording lay- 
er and a second information recording layer have the 
same format. 

[0080] The optical disc 400 includes a first information 
recording layer 420, a second information recording lay- 
er 430, and a separation layer 450 for separating the 
first infonnation recording layer 420 and the second in- 
formation recording layer 430 from each other 
[0081 ] The first information recording layer 420 in- 
cludes a first reproduction-only area (ROM) 422 and a 
first recording and reproduction area (RAM) 424. The 
first recording and reproduction area 424 includes a first 
test recording area (TEST) 426 and a first data recording 
area (DATA) 420, 

[0082] The second information recording layer 430 in- 
cludes a second reproduction -only area (ROM) 432 and 
a second recording and reproduction area (RAM) 434. 
The second vQcardrng and reproduction area 434 in- 
cludes a second test recording area (TEST) 436 and a 
second data recording area (DATA) 438. 
[0083] in this comparative example, the format of the 
first information recording layer 420 Is the same as that 
of the second information recording layer 430. There- 
fore, the start point rl" of the first recording and repro- 
duction area 424 is the same as the start point r2' of the 
second test recording area 436. 

[0084] In this case, when laser light 470 is incident on 
the innermost portion of the second test recording area 
436 (i.e., the left end of the second test recording area 
436 as shown in Figure 4) for test recording of the sec- 
ond information recording layer 430, half of the laser 
light 470 incident on the first information recording layer 
420 is transmitted through the first reproduction-only ar- 
ea 422. 
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[0085] As a result, the amount of laser light 470 pass- 
ing through the first reproduction-oniy area 422 and 
reaching the second information recording layer 430 is 
different from the amount of laser light 470 passing 
through the first recording and reproduction area 424 
and reaching the second information recording layer 
430. Therefore, accurate test recording cannot be per- 
formed. For example, when the light transmittance of the 
recording and reproduction area is higher than the light 
transmittance of the reproduction-only area, recording 
power which is greater than the recording power of the 
Laser light passing through the reproduction only area is 
determined to be the desired recording power. 
[OOaSj Accordingly, when test recording is performed 
using the innermost portion of the second test recording 
area 436 (i.e., the left end of the second test recording 
area 436 in Figure 4) in order to obtain the desired re- 
cording power, recording power which is greater than 
the appropriate recording power is provided as the result 
of the test recording result. Therefore, actual data is re- 
corded at excessively high recording power 
[0087] Moreover, the amount of the laser light 470 
reaching the second information recording layer 430 
varies in accordance with the ratio of the laser fight 470 
transmitted through the first reproduction-only area 422 
with respect to the entire laser light 470 used for record- 
ing information in the second test recording area 436. 
As a result, the test recording result varies in accord- 
ance with the position of the second test recording area 
436 In which information is recorded. 
[0088] By contrast, with the fomnat according to this 
example shown in Figure 3 the laser light 170 is not 
influenced by the first reproduction-only area 122 re- 
gardless of the position inthesecond test recording area 
136 at which test recording is performed. Accordingly, 
accurate recording conditions are obtained by the test 
recording. 

[0089] Hereinafter, with reference to Figure 5, expan- 
sion of the light spot 175 on the first information record- 
ing layer 120 will be described in detail. Figure 5 shows 
the length of the light spot 175 on the first information 
recording laser 120 when the laser light 170 is focused 
on the second information recording layer 130. Here, for 
simpler explanation, the laser light 170 is focused onto 
a focal point 172 on the second information recording 
layer 130. In this state, the angle 6 at which the laser 
light 170 is focused onto the focal point 172 is: 

e =sin""'(NA/n). 

[0090] Where the distance in the thickness direction 
of the disc between the first information recording layer 
120 and the second information recording layer 130 is 
d, the numerical aperture of the objective fens 160 is 
NA, and the refractive index of the separation layer 1 50 
is n, the radius 5 of the light spot 175 on the first infor- 
mation recording layer 120 is represented by: 



6 - d-tane d4an(sin""'(NA/n)), 

[0091 ] From this, as long as the start point of the first 

5 test recording area 126 in Figure 3 is away from the start 
point of the second test recording area 136 by at least 
length S represented by the above expression, the first 
recording and reproduction area 124 includes the light 
spot 175 of the laser light 170 on the first information 

10 recording layer 120. In this case, accurate recording 
conditions can be obtained by the test recording. 
[0092] As described above, the optical information re- 
cording, medium 1 00 according to this example is struc- 
tured such that the first recording and reproduction area 

15 124 includes the area 175 of the first information record- 
ing layer 120 of the laser light 170 for recording infor- 
mation in the second test recording area 136 passes. 
Therefore, accurate recording conditions can be ob- 
tained by the test recording. 

20 [0093] In Figure 3, the area between the second re- 
production-only area 132 and the second test recording 
area 136 is the unused area 133. The present invention 
is not limited to this. 

[0094] For example, as shown In Figure 6, the unused 
25 area 133 may be replaced with a third data recording 
area 137 In this case, the length of the data recording 
area 137 is at least equal to length 6. An optical disc 600 
shown in Figure 6 has the same format as that of the 
optical disc 100 shown in Figure 3 except that the un- 
30 used area 133 is replaced with the third data recording 
area 137. Such a format can expand the data recording 
area compared to that of the disc 1 00 shown In Figure 3. 

(Example 2) 

35 

[0095] In this example, a case where the center of the 
two information recording layers are offset with respect 
to each other will be described. 

[0096] In actual production of a multi-layer recording 

^0 medium, a plurality of information recording layers may 
be sometimes positionally offset with respect to each 
other when the information recording layers are bonded 
together. When the start points of the test recording ar- 
eas are offset with respect to each other due to the po- 

45 sitional offset between the information recording layers, 
the length 6 considered in Example 1 is not sufficient. In 
this example, the effect of the present invention is pro- 
vided even when the distances of the two information 
recording layers from the center of the disc are different 

50 from each other. 

[0097] Figure 7 shows a format of an optical disc 700 
in which a first information recording layer 720 and a 
second information recording layer 730 are offset with 
respect to each other by 5m. 

55 [0098] The optical disc 700 includes the first informa- 
tion recording layer 720, the second information record- 
ing layer 730, and a separation layer 750 for separating 
the first information recording layer 720 and the second 
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information recording layer 730 from each other 
[0099] The first information recording layer 720 in- 
cludes a first reproduction-only area (ROM) 722 and a 

first recording and reproduction area. (RAM) 724. The 
first recording and reproduction area 724 includes a first 5 
test recording area (TEST) 726 and a first data recording 
area (DATA) 728. In Figure 7, the first information re- 
cording layer 720 includes the first reproduction-only ar- 
ea 722, the first test recording area 726, and the first 
data recording area 728 in that orderfrom the inner per- io 
Hon thereof. 

[0100] Thesecond.information recording layer 730 in- 
cludes a second reproduction-only area (ROM) 732 and 
a second recording and reproduction area (RAM) 734. 
The second information recording layer 730 may include 15 
an unused area 733. The second recording and repro- 
duction area 734 includes a second test recording area 
(TEST) 736 and a second data recording area (DATA) 
738, In Figure 7, the second information recording layer 
730 includes the second reproduction-only area 732, 
the unused area 733, the second test recording area 
736, and the second data recording area 738 in that or- 
der from the inner portion thereof. 
[0101] In this figure, the offset 5' between the start 
points of the first recording and reproduction area 724 25 
and the second test recording area 736, the offset 5' be- 
ing defined from the center of the disc, is represented by: 

5' - r2 - r1 - S + 6m - d'tan(sin' ^ (NA/n)) + Sm. 

[0102] This represents a value obtained by adding the 
length 6 of the light spot 725 on the first information re- 
cording Iayer720 described In Example 1 with the length 
6m of the positional offset between the first information 35 
recording layer 720 and the second infonnation record- 
ing layer 730. 

[0103] Accordingly, as long as the start of the first re- 
cording and reproduction area 724 is away from the start 
of the second test recording area 736 by at least the 40 
length S' represented by the above expression, the first 
recording and reproduction area 724 includes a light 
spot 775 on the first information recording layer 720, 
through wh ich laser light 770 passes , even when the first 
information recording layer 720 and the second infor- 45 
mation recording layer 730 are posltionally offset with 
respect to each other by the length 6m. 
[0104] Considering the difference in the distances of 
the first information recording layer 720 and the second 
information recording layer 730 from the center of the 50 
disc, it is necessary that the first recording and repro- 
duction area 724 Includes the area 775. Here, the area 
775 is an area of the first information recording layer 720 
through which the laser light 770 used for recording in- 
formation on the second test recording area 736 passes. 55 
The length of the area 775 needs to be at least 6' + a -i- 
6'. Namely, the area 775 includes an area corresponding 
to the second test recording area 736 having the length 



a and two areas respectively extending from an inner 

end and an outer end of the above-mentioned area to- 
ward the center of the disc and the outer periphery of 
the disc, each extending area having length 6' , in the 
case where the first recording and reproduction area 
724 and the second test recording area 736 are located 
such that the first recording and reproduction area 724 
includes the area 775, accurate recording conditions 
can be obtained by the test recording. 

(Example 3) 

[0105] In this example, a case where the area of the 
first information recording layer, through which laser 
light used for recording Information in the test recording 
area of the second information recording layer passes, 
is a recorded state area will be described 
[0106] Figure B shows a format of an optical disc 800 
according to this example. 

[0107] The optical disc 800 includes a first information 
recording layer 820, a second information recording lay- 
er 830, and a separation layer 850 for separating the 
first information recording layer 820 and the second in- 
formation recording layer 830 from each other 
[0108] The first information recording layer 820 in- 
cludes a first reproduction-only area 822 and a first re- 
cording and reproduction area 824. The first recording 
and reproduction area 824 includes a first test recording 
area 826 and a first data recording area 828. In Figure 
8, the first information recording layer 820 includes the 
first reproduction-only area 822, the first test recording 
area 826, and the first data recording area 828 In that 
order from the inner portion thereof. 
[0109] The second information recording layer 830 in- 
cludes a second reproduction-only area 832 and a sec- 
ond recording and reproduction area 834. The second 
recording and reproduction area 834 includes a second 
test recording area 836 and a second data recording ar- 
ea 838. An area 833 between the second reproductibn- 
oniy area 832 and the second test recording area 836 
is, for example, an unused area which has not been 
used, In Figure 8, the second information recording lay- 
er 830 includes the second reproduction-only area 832, 
an unused area 833, the second test recording area 
836, and the second data recording area 838 in that or- 
der from the Inner portion thereof. 
[0110] !n the optical disc 800. the first recording and 
reproduction area 824 includes a recorded state area 
875 of the first information recording layer 820 Laser 
light 870, used for recording information in the second 
test recording area 836, passes through the recorded 
state area 875 The recorded state area 875 is entirely 
in a recorded state. The length of the recorded state ar- 
ea 875 is 6 + a + 6. Namely, ttie recorded state area 875 
includes an area corresponding to the second test re- 
cording area 836 having the length a and two areas re^ 
spectively extending frorn an Inner end and an outer ena 
of the above-mentioned area toward the center of the 
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disc and the outer periphery of the disc, each extending 
area having length 6. 

[0111] The recorded state area 875 is formed by re- 
cording irfformation in the entirety of the recorded state 
area 875 of the first recording and reproduction area 5 
824, for example, before the second test recording area 

836 is used. 

[01 1 2] Owing to such a structure, onto whichever po- 
sition of the second test recording area 836 the !aser 
fight 870 may be focused, the light transmittance of the io 
area of the first recording and reproduction area 824, 
through which the laser light 870 passes (i.e., area 875), 
can be uniform. The light transmittance varies depend- 
ing on whether information is recorded or not in the re- 
cording and reproduction area 824. Since the area 875 15 
is entirely in a recorded state, the light transmittance is 
unifomri. Accordingly, as long as information is recorded 
In the recorded state area 875 shown in Figure 8, the 
amount of the laser light 870 reaching the second test 
recording area 836 is uniform when test recording is per- 20 
formed on the second test recording area 836. As a re- 
sult, accurate recording conditions can be obtained. 
[0113] In this example, when the first information re- 
cording layer 820 and the second information recording 
layer 830 are positionally offset with respect to each oth- 25 
er, the length of the recorded state area 875 may have 
the length 6' + a + 6' as described in Example 2. 
[0114] The infomriationto be recorded in the recorded 
state area 875 may be information obtained by modu- 
lating data information or information obtained by mod- so 
ulating dummy information. 

[0115] It is preferable to record information In the re- 
corded state area 875 at the time of certification after 
the optica! disc Is produced. Since the recording appa- 
ratus does not need to perform this step, the start time 35 
when a new optical disc Is mounted on the recording 
apparatus can be shortened. 

[0116] Next, an optical recording apparatus for re- 
cording information on the optical information recording 
medium according to this example will be described. 40 
[0117] Figure 9 shows an optical information record- 
ing apparatus 900 for creating the optical information re- 
cording medium according to this example. Hereinafter 
an operation of the optical information recording appa- 
ratus 900 will be described with reference to Figure 9. 45 
[0118] The optical information recording apparatus 
900 includes a spindle motor 907 for rotating the optical 
disc 800 and an optical head 903 including a laser 
source (not shown) and focusing laser light to a desired 
position of an information recording layer of the optical 50 
disc 800. The entire operation of the optical information 
recording apparatus 900 is controlled by a system con- 
trol section 901 . It is not intended that the recorded state 
area 875 of the optical disc 800 is in a completely re- 
corded state at this point 55 
[0119] The optical information recording apparatus 
900 further includes a recording section 902 for modu- 
lating the light intensity of the laser source in the optical 



head 903 based on information obtained by modulating 
data information, and a reproduction section 904 for per- 
forming waveform processing of a reproduction signal 
based on the light reflected by the optical disc 800 so 
as to demodulate reproduction information. The optical 
Information recording apparatus 900 also includes an 
interference area determination section 905 for deter- 
mining whether or not a given area of the first informa- 
tion recording layer 820 is an area which can be an op- 
tical path of the laser light 870 for recording information 
in the second test recording area 836 (i.e., whether or 
not the given area is the area 875 through which the 
laser light passes for recording information in the sec- 
ond test recording area 836), and a recorded/u n record- 
ed state determination section 906 for reproducing the 
information in the area 875 through which the laser light 
passes for recording information in the second test re- 
cording area 836 and then determining whether the area 
875 is in a recorded state or an unrecorded state based 
on the reproduction result. 

[0120] Hereinafter, with reference to Figures 8 and 9, 

operation of the optical information recording apparatus 
900 according to this example will be described. First, 
the system control circuit 901 rotates the spindle motor 
907, and the optical head 903 focuses the laser light 870 
onto the first Information recording layer 820 on the op- 
tica! disc 800 so as to reproduce information on the first 
information recording layer 820. Based on address re- 
production information from the reproduction section 
904, the interference area determination section 905 de- 
termines whetherthe area, in which information is being 
reproduced, is the area 875 or not. Based on the deter- 
mination result, the system control section 901 seeks 
for the optical head 903 up to a certain area in the area 
875 and reproduces information in the certain area of 
the area 875. 

[0121] Based on the reproduction information from 
the reproduction section 904, the recorded/unrecorded 
state determination section 906 determines whether the 
track in the certain area in the area 875, in which infor- 
mation is being reproduced, is In a recorded state or an 
unrecorded state. When the reco rded/u n reco rded state 
determination section 906 determines that the track is 
in an unrecorded state, some information is recorded In 
the track in the certain area In the area 875 so as to 
place the certain area in the area 875 into a recorded 
state. When the recorded/unrecorded state determina- 
tion section 906 determines that the track is in a record- 
ed state, it is confirmed that the certain area In the area 
875, in which Information is being reproduced, is already 
in a recorded state. This operation is performed for the 
entirety of the area 875. 

[0122] In this manner, the area 875 is entirely placed 
into a recorded state, and thus acts as a recorded state 
area. Onto whichever position of the second test record- 
ing area 836 the laser light 870 may be focused, the light 

trans mittar^ce of the area 875 of the first information re- 
cording layer 820, through which the laser light for re- 



12 

3NSDOCID; <EP 1318509A1_I_> 



23 



EP 1 318 509 A1 



24 



cording information in the second test recording area 
836 passes, can be uniform. Accordingly, whichever 
portion of the second test recording area 836 of the sec- 
ond information recording iayermay be used for test re- 
cording, the amount of the iaser light reaching the sec- 5 
ond test recording area 836 is the same. Thus, accurate 
recording conditions can be obtained. 

(Example 4) 

10 

[0123] in Examples, an operation for placing the area 
875, of the first information recording layer, through 
which the laser light for recording information in the sec- 
ond test recording area 83S passes, into a recorded 
state area was described, in this example, a specific ex- 15 
ample of an operation for placing the entirety of the area 
of the first information recording layer, through which the 
laser light for recording information in the second test 
recording area passes, into an unrecorded state will be 
described. 20 
[0124] Figure 10 shows a format of an optical disc 
1000 according to Example 4. 

[0125] The optical disc 1000 includes a first informa- 
tion recording layer 1020, a second information record- 
ing layer 1030, and a separation layer 1 050 for separat- 25 
ing the first infonnation recording layer 1020 and the 
second information recording layer 1030 from each oth- 
er. 

[0126] The first information recording layer 1020 in- 
cludes a first reproduction-only area 1022 and a first re- 30 
cording and reproduction area 1024. The first recording 
and reproduction area 1024 includes a first test record- 
ing area 1026 and a first data recording area 1028. In 
Figure 10, the first information recording layer 1020 in- 
cludes the first reproduction-only area 1022, the first test 35 
recording area 1026, and the first data recording area 
1028 in that order from the inner portion thereof. 
[0127] The second information recording layer 1030 
includes a second reproduction only area 1032 and a 
second recording and reproduction area 1034. The sec- 40 
ond recording and reproduction area 1034 includes a 
second test recording area 1036 and a second data re- 
cording area 1038. An area 1033 between the second 
reproduction-only area 1032 and the second test re- 
cording area 1036 is, for example, an unused area 45 
which has not been used. In Figure 10, the second in- 
formation recording layer 1030 includes the second re- 
production-onfy area 1032, the unused area 1033, the 
second test recording area 1036, and the second data 
recording area 1038 in that order from the inner portion so 
thereof. 

[0128] In the optical disc 1000 the first recording and 
reproduction area 1024 includes a unrecorded state ar- 
ea 1075 of the first information recording layer 1020. La- 
ser light 1070, used for recording information in the sec- 55 
ond test recording area 1036, passes through the unre- 
corded state area 1075. The unrecorded state area 
1075 Is entirely in an unrecorded state. The length of 



the unrecorded state area 1 075 Is 6 + a + 5. Namely, the 
recorded state area 1075 includes an area correspond- 
ing to the second test recording area 1036 having the 
length a and two areas respectively extending from an 
inner end and an outer end of the above-mentioned area 
toward the center of the disc and the outer periphery of 
the disc, each extending area having length 6. 
[0129] As shown in Figure 10, the area, of the first re- 
cording and reproduction area 1024 including the area 
corresponding to the second test recording area 1036 
having the length a and two areas respectively extend- 
ing from an inner end and an outer end of the above- 
mentioned area toward the center of the disc and the 
outer periphery of the disc, each extending area having 
length 6 (i.e., the area of the first information recording 
layer 1020 having the length of 5 + a 4- 5) is in an unre- 
corded state at the time of test recording 
[0130] The information for calculating optimum re- 
cording conditions based on the result of the test record- 
ing may be recorded in an arbitrary area of the first in- 
formation recording layer 1020 and the second informa- 
tion recording layer 1030. In this case, the information 
for calculating the optimum recording conditions are, for 
example, information for multiplying the recording con- 
ditions in an unrecorded state by a certain coefficient 
based on, for example, the difference in the amount of 
transmitted light between the unrecorded state and the 
recorded state. In this example, the entirety of the area 
of the first information recording layer 1020, through 
which the laser light for recording information In the sec- 
ond test recording area 1036 passes, is in an unrecord- 
ed state. Accordingly, the recording conditions obtained 
in such a circumstance have a possibility of not being 
optimum for recording information in the second test re- 
cording area 1038 using the laser light which has 
passed through the first recording Infonnation recording 
layer 1020 having information recorded thereon, 
[0131] Hereinafter, a specific example of an operation 
for multiplying the recording conditions In an unrecorded 
state by a certain coefficient based on the difference In 
the amount of transmitted light between the unrecorded 
state and the recorded state will be described. 
[0132] In the case of an optical disc in which the 
amount of transmitted light in a recorded state is s times 
the amount of transmitted light in an unrecorded state, 
where the optimum recording power obtained by per- 
forming test recording in an unrecorded state is Pm, the 
optimum recording power Pk in a recorded state can be 
calculated as follows. 

Pk = Pm/s 

[0133] Here, "s" is defined as the transmittance cor- 
rection coefficient. By such a calculation, even when in- 
formation is not recorded in a specific area of the first 
information recording layer 1020 in advance, the opti- 
mum recording power in the case where the area of the 
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first information recording layer 1020, through which the 
laser light passes, Is in a recorded state can be estimat- 
ed. In the case where it is time-consuming to form the 
recorded state area 875 In the first information recording 
layer 1 020 as in Example 3, the optimum recording con- 
ditions can be calculated as in this example, instead of 
directly obtaining the oplimum recording conditions as 
In Example 3. 

[0134] fn the case where there is a possibility that the 
first information recording layer 1020 and the second in- 
formation recording layer 1030 in this example are po- 
sitionally offset with respect to each other, it is preferable 
to keep the unrecorded state area 1075 having the 
length 5' + a + 6' unrecorded at the time of test recording 
as described in Example 2. 

[0135] In this example, it is more preferable to record 
the tra nsmittance correction coefficient s for determin- 
ing the optimum recording power In a specific area in 
the optical disc 1 000 (for example, the first reproduction- 
only area 1022 or the second reproduction-only area 
1032). In this case, even when the transmittance cor- 
rection coefficient is different among different optical 
discs, the optical disc recording apparatus can immedi- 
ately learn the coefficient when an optical disc is mount- 
ed on the optical disc recording apparatus. Therefore, 
the time required to start actually recording information 
can be shortened. 

[0136] In this example, the unrecorded state area at 
the time of test recording rnay be a recording prohibited 
area where Information is never recorded. Alternatively, 
the unrecorded state area may be a Hrror area which 
does not have any guide grooves for tracking servo con- 
trol. 

(Example 5) 

[0137] In Examples 1 through 4, the recording and re- 
production area of the first information recording layer 
includes a tight spot of the laser light. The present in- 
vention is not limited to such a format. In this example, 
a format where the reproduction-only area of the first 
information recording layer includes a light spot of the 
laser light will be described. 

[0138] Figure 11 shows a format of an optical disc 
1100 according to Example 5. 

[01 39] The optical disc 1100 includes a first informa- 
tion recording layer 1120, a second information record- 
ing layer 1130, and a separation layer 11 50 for separat- 
ing the first information recording layer 1120 and the 
second information recording layer 11 30 from each oth- 
er. 

[0140] The first information recording layer 1120 in- 
cludes a first reproduction-only area 1122 and a first re- 
cording and reproduction area 1124. The first recording 
and reproduction area 1 124 includes a first test record- 
ing area 1126 and a first data recording area 1128. In 
Figure 11 , the first information recording layer 1120 in- 
cludes the first reproduction-only area 11 22, the first test 



recording area 1126, and the first data recording area 
1128 in that order from the inner portion thereof. 
[0141] The second information recording layer 1130 
includes a second reproduction-only area 1132, a third 
5 reproduction-only area 1133, and a second recording 
and reproduction area 1134. The second recording and 
reproduction area 1134 includes a second lest record- 
ing area 1136 and a second data recording area 11 38. 
In Figure 11, the second information recording layer 
10 1130 includes the second reproduction-only area 1132, 
the second test recording area 1136, the third reproduc- 
tion^only area 1133, and the second data recording area 
1138 in that order from the inner portion thereof. 
[0142] As shown in Figure 11, the first reproduction- 
f5 only area 1122 of the first infomnation recording layer 
1120 is structured so as to include an area (light spot) 
1 175 through which laser light 1170 for recording infor- 
mation in the second test recording area 1136 passes. 
The length of the area 1175 is 6 +- a + 6. Namely, the 
20 area 1 1 75 includes an area corresponding to the second 
test recording area 1136 having the length a and two 
areas respectively extending from an inner end and an 
outer end of the above-mentioned area toward the cent- 
er of the disc and the outer periphery of the disc, each 
25 extending area having length a. Thus, at whichever po- 
sition of the second test recording area 1 1 38 test record- 
ing may be pertormed, the laser light for recording infor- 
mation in the second test recording area 1136 is the la- 
ser light which has passed through the first reproduc- 
30 tion-only area 1122. As a result, the recording conditions 
are prevented from being dispersed depending on the 
position at which the test recording is performed. 
[0143] In this example, as described in Example 4, it 
is more preferable to calculate the optimum recording 
^5 conditions based on the result of the lesi recording. 
Thus, the optimum recording conditions for the case 
where the laser light passes through the first recording 
and reproduction area 1124, which is in a recorded state 
with a recording mark array being formed, can be esti- 
40 mated. 

[0144] In the case where there is a possibility that the 
first information recording layer 1 120 and the second in- 
formation recording layer 1130 are positionaliy offset 
with respectto each other, the first reproduction-only ar- 
^5 ea 1 122 is located so as to have the length 5' + a + 5\ 
which is the length of the area 1175 of the first informa- 
tion recording layer 1120, as described in Example 2. 

(Example 6) 

50 

[0145] In Examples 1 through 5, information is record- 
ed in the test recording area of the second information 
recording layer in order to perform test recording of the 
second information recording layer. When data is re- 
55 corded in the recording and reproduction area of the 
second information recording layer, as well as at the 
time of test recording described in Examples 1 through 
5, there is a possibility of the signal quality for reproduc- 
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ing the recorded signal being lowered, The reason is 
that when the laser iight used for recording passes 
through both the reproduction-only area and the record- 
ing and reproduction area, the amount of faser light 
reaching the recording and reproduction area of the sec- 5 
ond Informaiion recording layer is different depending 
on vi/hich one of the above two areas the laser light has 
passed through. As a result, accurate recording cannot 
be performed. 

[0146] [n this example,, a specific example of record- io 
ing information in the recording and reproduction area 
of the second information recording layer will be de- 
scribed. 

[0147] Figure 12 shows a format of an optical disc 
1200 according to Example 6. 15 
[0148] The optica! dfsc1200 includes a first informa- 
tion recording layer 1220, a second infon^nation record- 
ing layer 1230, and a separation layer 1250 for separat- 
ing the first information recording layer 1220 and the 
second information recording layer 1230 from each oth- 20 
er 

[0149] The first information recording layer 1220 in- 
cludes a first reproduction-only area 1222 and a first re- 
cording and reproduction area 1224 In Figure 12, the 
first information recording layer 1220 includes the first 25 
reproduction-only area 1 222 and the first recording and 
reproduction area 1224 in that order from the inner por- 
tion thereof. 

[0150] The second information recording layer 1230 
includes a second reproduction-only area 1232 and a 30 
second recording and reproduction area 1234. In Figure 
12, the second information recording layer 1230 in- 
cludes the second rep reduction -only area 1232 and the 
second recording and reproduction area 1234 in that or- 
der from the inner portion thereof. 35 
[0151] As shown in Figure 12, the first reproduction- 
only area 1222 is preferably smaller than the second re- 
production-only area 1232 of the second information re- 
cording layer 1230. 

[0152] In Figure 12, the start point ofthe first recording 40 
and reproduction area 1224 is located closerto the cent- 
er of the disc than the start point of the second recording 
and reproduction area 1234 by length 6. Owing to such 

a structure, in whichever portion of the second recording 
and reproduction area 1234 information may be record- 45 
ed, the first recording and reproduction area 1224 in- 
cludes an area 1275 of the first information recording 
layer 1220 through which the laser iight for recording 
information in the second recording and reproduction ar- 
ea 1234 passes. Therefore, the second recording and so 
reproduction area 1234 is only influenced by the first re- 
cording and reproduction area 1224 and is not influ- 
enced by the first reproduction-only area 1222. Thus, 
infomnation can be accurately recorded in the second 
recording and reproduction area 1234. 55 
[0153] In the case where there is a possibility that the 
first infomnation recording layer 1220 and the second in- 
formation recording layer 1230 are positionally offset 



with respect to each other, the start point of the first re- 
cording and reproduction area 1224 and the start point 
of the second recording and reproduction area 1 234 are 
preferably offset with respect to each other by 6' as de- 
scribed in Example 2. 

[0154] in Figure 12, the size of the first reproduction- 
only area 1222 may be zero. In this case, it is not nec- 
essary to form a phase pit for the first reproduction-only 
area 1222 at the time of production of the first informa- 
tion recording layer 1200. Thus, the production process 
of the disc can be simplified. 

(Example 7) 

[0155] In Examples 1 through 6, there are two infor- 
mation recording layers. The present invention is not 
limited to this. According to the present invention, the 
number of information recording layers may be three or 
more. 

[0156] Figure 13 shows a format of an optica! disc 
1300 according to Example 7 of the present invention. 
[0157] The optical disc 1300 is obtained by expanding 
the optical disc in Example 1 , and has a different format 
from that of the optical disc in Example 1 . The optical 
disc 1300 includes N number of information recording 
layers. In Figure 1 3, among the N number of information 
recording layers, three information recording layers 1, J 
and k each have a reproduction area in order to obtain 
accurate recording conditions by the test recording. 
[0158] In this example, a first information recording 
layer 13J0 is the i'th layer a second information record- 
ing Iayer1320 Is thej'th layer, athird information record- 
ing layer 1330 is the k'th layer, from the laser incidence 
side of the disc. The distance between the first informa- 
tion recording layer 1310 and the second information re- 
cording layer 1320 is dij, the distance between the sec- 
ond information recording layer 1320 and the third infor- 
mation recording layer 1330 is djk, and distance be- 
tween the first information recording layer 1310 and the 
third information recording layer 1330 is dik. 
[0159] The first Information recording layer 1310 In- 
cludes a first reproduction-only area 1312 and a first re- 
cording and reproduction area 1314. The first recording 
and reproduction area 1314 includes a first test record- 
ing area 1316 and a first data recording area 1318. 
[0160] The second information recording layer 1320 
includes a second reproduction-only area 1322 and a 
second recording and reproduction area 1324 The sec- 
ond recording and reproduction area 1324 includes a 
second test recording area 1326 and a second data re- 
cording area 1328. 

[0161] The third information recording layer 1330 In- 
cludes a third reproduction-only area 1332 and a third 
recording and reproduction area 1334. Thethird record- 
ing and reproduction area 1334 includes a third test re- 
cording area 1336 and athird data recording area 1338. 
[0162] In this case, the start point of the first recording 
and reproduction area 1312 is at least 6ij away from the 
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start point of the second test recording area 1326, and 
is at least 6ik away from the start point of the third test 
recording area 1336, The start point of the second re- 
cording and reproduction area 1324 is at least djk away 
from the start point of the third test recording area 1 336. 5 
Here, 

^ - djj.tan(sin'^NA/n)), 

10 

5ik - dik4an(sin"^(NA/n)), and 

5jk = djk-tan(sin"^ (NA/n)), 

where NA is the numericai aperture of an objective 
lens for focusing laser light 1370, and n is the refractive 
index of the separation layer between the first informa- 
tion recording layer 1310 and the second information re- 20 
cording layer 1320 and of the separation layer between 
the second information recording layer 1320 and the 
third information recording layer 1330. 
[0163] Owing to such a structure, the laser light 1370 
for recording information in the second test recording 25 
area 1326 passes through only the first recording and 
reproduction area 1314 when passing through the first 
information recording layer 1310 The laser light 1370 
for recording information in the third test recording area 
1336 passes through only the first recording and repro- 30 
duction area 1314 when passing through the first Infor- 
mation recording layer 1310 and only the second re- 
cording and reproduction area 1324 when passing 
through the second information recording layer 1320. 
[0164] Even when the information recording layer as 35 
a target is, for example, between the first information 
recording layer 1310 and the second Information record- 
ing layer 1320 as in this example or at an arbitrary po- 
sition, substantially the same effect as that in Example 
1 is provided, as long as the second information record- 40 
ing layer 1320 is farther from the incidence surface than 
the first information recording layer 1310, and an area 
of the first information recording layer 1310, through 
which the laser light 1370 for recording information in 
the second test recording area 1326 passes, is entirely 45 
a recording and reproduction area, 

(Example 8) 

[0165] Figure 14 shows a format of an optical disc so 
1400 according to Example 8 of the present invention. 
[0166] The optical disc 1400 includes a first informa- 
tion recording layer 1420, a second information record- 
ing layer 1430, and a separation layer 1450 for separat- 
ing the first information recording layer 1420 and the 55 
second information recording layer 1430 from each oth- 
er. 

[01 67] The first Information recording layer 1420 in- 



cludes a first reproduction-only area 1422, a first record- 
ing and reproduction area 1424 and a second reproduc- 
tion-only area 1429. The first recording and reproduc- 
tion area 1424 Includes a first test recording area 1426 
.and a first data recording area 1428. In Figure 14, the 
first information recording layer 1420 includes the first 
test recording area 1426, the first reproduction-oniy ar- 
ea1422, the first data recording area1428, andthe sec- 
ond reproduction-only area 1429 in that order from the 
inner portion thereof. The first information recording lay- 
er 1420 includes a first lead-in area 1425 and a first lead- 
out area 1427. The first iead-in area 1425 includes the 
first test recording area 1426 and the first reproduction- 
only area 1422 The first lead-out area 1427 includes 
the second reproduction-only area 1429. 
[0168] The second information recording layer 1430 
includes a third reproduction-only area 1432, a second 
recording and reproduction area 1434, a fourth repro- 
duction-only area 1433, and a fifth reproduction-only ar- 
ea 1439. The second recording and reproduction area 
1434 includes a second test recording area 1436 and a 
second data recording area 1438. In Figure 14, the sec- 
ond information recording layer 1430 includes the third 
reproduction-only area 1432, the second test recording 
area 1436, the fourth reproduction-only area 1433, the 
second data recording area 1438, and the fifth repro- 
duction-only area 1439 in t^iat order from the inner por- 
tion thereof. The second information recording layer 
1430 includes a second lead-in area 1435 and a second 
lead-out area 1437. The second lead-in area 1435 in- 
cludes the third reproduction-only area 1432, the sec- 
ond test recording area 1436, and the fourth reproduc- 
tion-only area 1433. The second lead-out area 1437 in- 
cludes the fifth reproduction-only area 1439. 
[0169] In this example, when priority is put on easy 
management of the optical disc 1400, it is preferable to 
have the format shown in Figure 14 in which the first 
data recording area 1 428 and the second data recording 
area 1438 have an equal size. The optical disc 1400 in- 
cludes the first lead-in area 1425 and the second lead- 
in area 1435 internally to the first data recording area 
1 428 and the second data recording area 1 438, respec- 
tively. The optical disc 1400 also includes the first lead- 
out area 1427 and the second lead-out area 1439 ex- 
ternally to the first data recording area 1 428 and the sec- 
ond data recording area 1 438, respectively The first test 
recording area 1426 is located internally to the first lead- 
in area 1425, and the second test recording area 1436 
is located internally to the second lead-in area 1435. 
[0170] The first test recording area 1426 and the sec- 
ond test recording area 1436 are positionally offset with 
respect to each other by length 5 or more. The first re- 
production-only area 1422 includes a non-uniform light 
prevention area 1475 of the first information recording 
layer 1410 through which laser light 1470 for recording 
information in the second test recording area 1436 pass- 
es. The length of the area 1475 is represented by 6 -f- a 
4- 5. The non-uniform light prevention area 1475 pre- 
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vents the laser light 1470 incident thereon from trans- 
n-iltting therethrough in a non-uniform shape. 
[0171] The non-uniform light prevention area 1475 is, 
for example, a reproduction -only area. 
[0172] Alternatively, the non-uniform light prevention s 
area 1 475 may be a recording prohibited area or a mirror 
area. Owing to such a slructore, at whichever position 
of the second test recording area 1436 test recording 
may be performed, the obtained recording conditions 
are not dispersed. Moreover owing to such a structure, to 
the first lead-in area 1425 of the first information record- 
ing layer 1420 and the second lead-in area 1435 of the 
second information recording layer 1430 can have iden- 
tical start points, termination points and capacities. The 
first data recording area 1428 of the first information re~ 15 
cording layer 1420 and the second data recording area 
1438 of the second information recording layer 1430 can 
have identical start points, termination points and ca- 
pacities. The first lead-out area 1427 of the first infor- 
mation recording layer 1420 and the second lead-out 20 
area 1437 of the second infomnation recording layer 
1430 can have identical start points, termination points 
and capacities. Therefore, defect management and re- 
cording information management of the optical disc 
1400 are advantageously easy. Substantially the same 25 
effect is provided when the first test recording area 1 426 
is located in the first lead-out area 1427 and the second 
test recording area 1436 is located in the second lead- 
out area 1437. 

[01 73] The positions of the areas and the shape of the 30 
disc used in the above examples are not limited to those 
described above, and may be of any appropriate form 
In accordance with the medium Itself or the recording 
and reproduction apparatus. 

35 

INDUSTRIAL APPLICABILITY 

[01 74] As described above, according to an optical in- 
' formation recording medium of the present invention, an 
area of the first information recording layer, through 40 
which laser light passes, is entirely placed into a record- 
ed state or an unrecorded state at the time of test re- 
cording of the second information recording layer. 
Therefore, accurate recording conditions can be ob- 
tained by the test recording. 45 
[0175] According to an optical Information recording 
medium of the present invention, an area of the first in- 
formation recording layer through which laser light 
passes, is entirely placed into a reproduction-only area 
or a recording and reproduction area at the time of test so 
recording of the second information recording layer 
Therefore, accurate recording conditions can be ob- 
tained by the test recording. 

[0178] According to an optical information recording 
medium of the present invention, the reproduction-only 55 
area of the first information recording layer is made 

smaller than the reproduction-only area of the second 
information recording layer Therefore, information can 



be accurately recorded anywhere In the recording and 
reproduction area of the second information recording 

layer. 

[0177] According to an optical infomnatlon recording 
medium of the present invention, when recording infor- 
mation in the recording and reproduction area of the 
second information recording layer an area of the first 
information recording layer, through which laser light 
passes, is entirely placed into a reproduction -only area 
or a recording and reproduction area. Therefore, infor- 
mation can be accurately recorded in the recording and 
reproduction area. 

[0178] According to an optical information recording 
method of the present invention, information is recorded 
in an area of the recording and reproduction area of the 
first information recording layer through which laser light 
passes before test recording of the second information 
recording layer Therefore, accurate recording condi- 
tions can be obtained by the test recording. 
[0179] According to a recording and reproduction 
method of the present invention, in the case where an 
area of the recording and reproduction area of the first 
information recording layer through which laser light 
passes is in an unrecorded state at the time of test re- 
cording of the second information recording layer, opti- 
mum recording conditions are calculated based on the 
test recording result. Therefore, accurate recording con- 
ditions can be obtained. 

[0180] In a m.edium according to the present inven- 

tlon, one ofthereproduction-oniy area and the recording 
and reproduction area of the first information recording 
layer includes an area through which laser light for re- 
cording information in the test recording area of the sec- 
ond information recording layer passes. The laser light 
for recording Information in the test recording area of the 
second Information recording layer has passed through 
the reproduction-only area or the recording and repro- 
duction area. Accordingly, the laser light for recording 
information in the test recording area of the second in- 
fonnation recording layer is not influenced by the differ- 
ence between the amount of light passing through the 
reproduction-only area of the first information recording 
layer and the amount of light passing through the re- 
cording and reproduction area of the first infonnatton re- 
cording layer As a result, accurate recording conditions 
can be obtained using the test recording area of the sec- 
ond information recording layer 

[0181] The area of the first information recording lay- 
er, through which the laser light for recording information 
in the test recording area passes, extends outward from 
an outer end of an area of the first information recording 
layer corresponding to the test recording area by a 
length 6, the length 6 being represented by: 

6 = d'tanCsin'^NA/n)), 
where d Is a distance in a thickness direction between 
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the first information recording layer and the second In- 
formation recording layer; n is a refractive Index of the 
separation layer; and NA Is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 5 
[01 82] The area of the first information recording lay- 
er, through which the laser iight for recording information 
in the test recording area passes, extends outward from 
the outer end of the area of the first information record- 
ing fayer corresponding to the test recording area by a io 
length 5", the length 5' bein^ represented by: 

6' - d.tan(sln'\NA/n)) + 5m 

15 

Where 5m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer 

[0183] Accordingly, even when there Is a non-negligi- 
ble offset or eccentricity in the relative positions of the 20 
infonryation recording layers, accurate recording condi- 
tions for the second information recording layer can be 
obtained at the time of test recording of the second in - 
formation recording layer with no influence of the differ- 
ence in the amount of light passing through the first in- 25 
formation recording layer, 

[0184] It is preferable to form an area of the second 
information recording laser, extending from the end of 
at least the test recording area by 5 (in the case where 
there is a non-negligible offset or eccentricity in the rel- 30 
ative positions of the information recording layers, by 5') 
into a data recording area. This is preferable in order to 
expand the data recording area. 

[01 85] According to the medium of the present inven- 
tion, a prescribed area of the first information recording 35 
layer, which is entirely in a recorded state or an unre- 
corded state, includes an area through which the laser 
light for recording information in the test recording area 
of the second information recording layer passes. The 
area of the first information recording layer, through 40 
which the laser light for recording information in the test 
recording area of the second information recording layer 
passes, is entirely either in a recorded state or in an un- 
recorded state. Accordingly the laser light for recording 
information in the test recording area of the second in- 45 
formation recording layer is not influenced by the differ- 
ence in the amount of light caused by the existence of 
both a recorded state area and an unrecorded state ar- 
ea. As a result, accurate recording conditions can be 
obtained using the test recording area of the second in- 50 
formation recording layer 

[01 86] The prescribed area which is entirely in an un- 
recorded area is, for example, a recording prohibited ar- 
ea, a mirror area, or a lead-in area. 

[0187] Regarding a second optical information re- 55 
cording medium according to the present Invention, the 

area of the first information recording layer, through 
which the laser light for recording information in the test 



recording area of the second information recording layer 
passes, extends outward from an outer end of an area 
of the first information recording fayer corresponding to 
the test recording area by a length 6, the length 6 being 
represented by: 

5 ^ d.tan(sin"'(NA/n)), 

where d is a distance in a thickness direction between 
the first information recording layer and the second in- 
formation recording fayer; n is a refractive index of the 
separation layer; and NA Is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0188] Regarding the second optical information re- 
cording medium according to the present invention, the 
area of the first information recording layer, through 
which the laser light for recording information in the test 
recording area of the second information recording layer 
passes, extends outward from the outer end of the area 
of the first information recording layer corresponding to 
the test recording area by a length 5', the length 5* being 
represented by: 

5' - d-tanCsin""^ (NA/n)) + 5m 

where 5m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer. 

[0189] Owing to such a medium, even when there is 
a non-negligible offset or eccentricity in the relative po- 
sitions of the information recording layers, accurate re- 
cording conditions for the second infonnation recording 
layer can be obtained at the time of test recording of the 
second information recording layer, with no influence of 
the difference in the amount of light passing through the 
first information recording layer. 

[0190] Regarding the second optical infonnation re- 
cording medium according to the present invention, it is 
preferable to form an area of the second information re- 
cording laser, extending from the end of at least the test 
recording area by 5 (in the case where there is a non- 
negligible offset or eccentricity in the relative positions 
of the information recording layers, by 5*) into a data re- 
cording area. This is preferable in order to expand the 
data recording area, 

[0191] The information for calculating the optimum re- 
cording conditions in the test recording area are record- 
ed in a specific area of one of a plurality of recording 
information layers. Accordingly even when the transmit- 
tance of the area of the first information recording layer, 
through which the laser light for recording information in 
the test recording area of the second information record- 
ing layer passes, is different from the transmittance of 
the area of the first recording information layer through 
which the laser light for recording Information in the re- 



18 



3NSDOCI D: < EP 1 3 1 8509A 1 ._!_> 



35 



EP 1 318 509 A1 



36 



cording and reproduction area of the second infonnation 
recording layer passes, accurate recording conditions 
can be calculated for one of the layers as long as the 
recording conditions of the other layer can be obtamed, 
As a result, a recording and reproduction apparatus for 5 
starting the optical infornnation recording medium can 
immediately learn a method of calcuIaLion which is de- 
termined from the difference between the amount of 
light transmitted through an unrecorded state area and 
the amount of light transmitted through a recorded state io 
area. Accordingly, accurate recording conditions can bo 
obtainod immediately after the optical information re 
cording medium is mounted on the recording and repro- 
duction apparatus. 

[01 92] According to this medium, one of the reproduc- /5 
tion-ohly area and the recording and reproduction area 
of the first information recording layer includes an area 
through which laser light for recording information in the 
recording and reproduction area of the second informa- 
tion recording iayer passes. The laser light for recording 20 
information in the recording and reproduction area of the 
second infonnatjon recording iayer has passed through 
the reproduction-only area or the recording and repro- 
duction area. Accordingly, the laser light for recording 
information in the recording and reproduction area of the 25 
second information recording layer is not influenced by 
the difference between the amount of light passing 
through the reproduction-only area of the first informa- 
tion recording layer and the amount of light passing 
through the recording and reproduction area of the first 30 
Information recording layer. As a result, accurate record- 
ing conditions can be obtained using the recording and 
reproduction area of the second information recording 
layer. 

[0193] The area of the first information recording lay- 35 
er, through which the laser light for recording information 
in the recording and reproduction area of the second in- 
formation recording layer passes, extends outward from 
an outer end of an area of the first information recording 
layer corresponding to the recording and reproduction 40 
area by a length 3, the length 6 being represented by: 

5 = d-tan(sin'"'NA/n)), 

45 

where d is a distance in a thickness direction between 

the first information recording layer and the second in- 
formation recording layer; n is a refractive index of the 
separation iayer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- so 
cording area. 

[0194] The area of the first information recording lay- 
er, through which the laser light for recording information 
in the recording and reproduction area of the second in- 
formation recording layer passes, extends outward from 55 
the outer end of the area of the first information record- 
ing layer corresponding to the recording and reproduc- 
tion area by a length 3\ the length 6' being represented 



by: 

6' = dtan(sin'"^ (NA/n)) + 8m 

where 6m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer. 

[0195] In an optical information recording and repro- 
duction medium according to the present invention, the 
size of the reproduction-only area of the first information 

recording layer can bo zero, such that an area influ- 
enced by the reproduction-only area of the first informa- 
tion recording layer is minimized at the time of recording 
in the recording and reproduction area of the second in- 
formation recording layer. Thus, information can be re- 
corded accurately on the second information recording 
layer. 

[0196] Owing to this medium, the necessity of forming 
a phase pit in the reproduction-only area at the time of 
production of the first information recording layer is elim- 
inated. Thus, the production process of the disc sub- 
strate can be simplified. 

[0197] The lead-in areas or the lead-out areas of cor- 
responding infonnation recording layers Include a first 
test recording area, a recording and reproduction area, 
and a second test recording area. Therefore, recording 
conditions of different information recording layers can 
be obtained with only the iead-in areas or the lead-out 
areas. In this case, the non-uniform light prevention area 
of the first information recording layer includes an area 
of the first information recording layer through which la- 
ser light for recording Information in the test recording 
area of the second Information recording layer passes. 
[0198] The non-uniform light prevention area is, for 
example, a reproduction -only area. 
[0199] The non-uniform light prevention area is, for 
example, an area formed of at least one of the group 
consisting of a reproduction-only area, a recording pro- 
hibited area, and a mirror area. 

[0200] The area of the first information recording lay- 
er, through which the laser lightfor recording information 
in the test recording area of the second information re- 
cording layer passes, extends outward from an outer 
end of an area of the first information recording layer 
corresponding to the test recording area by a length 5, 
the length 6 being represented by: 

6 - d-tan(sin'"*(NA/n)), 

where d is a distance in a thickness direction between 
the first information recording iayer and the second in- 
formation recording layer; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0201] The area of the first information recording lay- 
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er, through which the laser light for recording information 
in the test recording area of the second information re- 
cording layer passes, extends outward from the outer 
end of the area of the first infornnation recording layer 
corresponding to the test recording area by a length 6', 
the length 6' being represented by: 

5' - d-tanCsin ^NA/n)) 4- 8m 

where 6m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer. 

[0202] Accordingly, even when there is a non-negligi- 
ble offset or eccentricity in the relative positions of the 
information recording layers,, accurate recording condi- 
tions for the second information recording layer can be 
obtained at the time of test recording of the second in- 
formation recording layer, with no influence of the differ- 
ence in the amount of light passing through the first in- 
formation recording layer 

[0203] According to the method of the present inven- 
tion, before information is recorded in the test recording 

area of the second information recording layer informa- 
tion is stored in an area of the first information recording 
layer through which laser light for recording information 
in the test recording area of the second information re- 
cording layer passes. Accordingly, the laser light for re- 
cording information in the test recording area of the sec- 
ond infornnation recording layer is not influenced by the 
difference in the amount of light which is caused by the 
first information recording layer having both a recorded 
state area and an unrecorded state area. As a result, 
accurate recording conditions can be obtained by test 
recording of the second information recording layer. 
[0204] The area of the first information recording lay- 
er, through which the laser lightfor recording information 
In the test recording area of the second information re- 
cording layer passes, extends outward from an outer 
end of an area of the first information recording layer 
corresponding to the test recording area by a length d, 
the length 5 being represented by: 

6 = d.tan(sin^''(NA/n)), 

where d is a distance in a thickness direction between 
the first information recording layer and the second In- 
formation recording layer; n is a refractive index of the 
separation layer; and NA is a numerical aperture of an 
objective lens for focusing the laser light to the test re- 
cording area. 

[0205] The area of the first information recording lay- 
er, through which the laser light for recording information 
in the test recording area of the second information re- 
cording layer passes, extends outward from the outer 
end of the area of the first information recording layer 
corresponding to the test recording area by a length 6' , 



the length 6' being represented by: 

5' = d-tan(sin""'{NA/n)) + 8m 

5 

Where 8m is a maximum positional offset distance be- 
tween the first information recording layer and the sec- 
ond information recording layer. 

[0206] Owing to such a method, even when there is 
^0 a non-negligible offset or eccentricity In the relative po - 
sitions of the information recording layers, accurate re- 
cording conditions can be obtained at the time of test 
recording of the second Information recording layer, with 
no influence of the difference in the amount of fight 
^5 caused by the first information recording layer having 
both a recorded state area and an unrecorded state ar- 
ea. 

[0207] The information which is recorded in advance 
may be, tor example, information obtained by modulat- 
20 ing dummy information, 

[0208] The information may be recorded in advance 
by a certification step. 

[0209] According to the method of the present inven- 
tion, optimum recording conditions for the second infer- 

25 mation recording layer can be calculated based on the 
function and/or the state of the area of the first informa- 
tion recording layer through which the laser light for re- 
cording information in the test recording area of the sec- 
ond information recording layer passes. 

30 [0210] The area of the first information recording lay- 
er, through which the laser light for recording Information 
in the test recording area of the second information re- 
cording layer passes, extends outward from an outer 
end of an area of the first Information recording layer 

55 corresponding to the test recording area by a length 8, 
the length 8 being represented by: 

8 = d-tan(sin"''(NA/n)), 

40 

where d is a distance in a thickness direction between 

the first information recording layer and the second in- 
formation recording layer; n is a refractive index of the 
separation layer: and NA is a numerical aperture of an 
45 objective lens for focusing the laser light to the test re- 
cording area. 

[0211] The area of the first information recording lay- 
er through which the laser lightfor recording information 
in the test recording area of the second information re- 
50 cording layer passes, extends outward from the outer 
end of the area of the first information recording layer 
corresponding to the test recording area by a length 8', 
the length 8' being represented by: 

55 

8' - d.tan(sin""' (NA/n)) + Sm 
where 8m is a maximum positional offset distance be- 
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tween the first information recording layer and the sec- 
ond information recording layer, 

[0212] Owing to this method, even when there is a 
non-negligible offset or eccentricity in the relative posi- 
tions of the information recording layers, accurate re- 
cording conditions can be obtained at the time of test 

recording of the second information recording iayer, 
based on the difference between the amount of light 
transmitted through an unrecorded state area of the first 
information recording layer and the amount of light 
transmitted through a recorded state area of the first In- 
formation recording layer 

[0213] ft is preferable to record information for calcu- 
lating the optimum recording conditions in a specific ar- 
ea of the optical information recording medium. 
[0214] Thus, even when the method of calculation is 
different medium by medium, the recording and repro- 
duction apparatus can immediately learn the method of 
calculation. Therefore, the time required for actually re- 
cording information after the medium is mounted on the 
apparatus can be shortened. 

[0215] According to the optical information recording 
apparatus of the present invention, even when an area 
of the first information recording layer, through which la- 
ser light for recording information In the test recording 
area of the second information recording layer passes, 
includes an unrecorded state area, the laser light for re- 
cording information in the test recording area of the sec- 
ond information recording layer records the information 
in the area of the first information recording layer before 
recording the Information in the test recording area of 
the second information recording layer Therefore, there 
Is no influence of the difference in the amount of light, 
caused by the laser light for recording information in the 
test recording area of the second information recording 
layer passing through an area including both a recorded 
state area and an unrecorded state area. As a result, 
accurate recording conditions for the second informa- 
tion recording layer can be obtained. 



Claims 

1. An optical Information recording medium, compris- 
ing: 

a first information recording layer on which in- 
formation is to be recorded by laser light; and 
a second information recording layer on which 
information is to be recorded by the laser light 
which has passed through the first information 
recording layer, 

wherein: 

the first information recording layer includes at 
least one of a reproduction-only area and a re- 
cording and reproduction area, 
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the second information recording layer includes 
a test recording area, and 
at least one of the reproduction-only area and 
the recording and reproduction area, and the 
test recording area is located such that one of 
the reproduction -only area and the recording 
and reproduction area includes an area of ihe 
first information recording layer through which 
the laser light for recording information in the 
test recording area passes. 

2. An optical information recording medium according 
to claim 1 , further comprising a separation layer for 
separating the first information recording layer and 
the second information recording layer from each 
other, 
wherein: 

the area of the first information recording layer, 
through which the laser light for recording infor- 
mation in the test recording area passes, ex- 
tends outward from an outer end of an area of 
the first information recording layer corre- 
sponding to the test recording area by a length 
6, the length 6 being represented by; 

5 - d-tan(sin'"'(IMA/n)), 

where d is a distance in a thickness direction be- 
tween the first information recording layer and the 
second information recording layer; n is a refractive 
index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
light to the test recording area. 

3. An optical information recording medium according 
to claim 2, wherein the second information record- 
ing layer has a data recording area which extends 
from an end of the test recording area by at least 

the length 6. 

4. An optical information recording medium according 
to claim 2, wherein the area of the first information 

recording layer, through which the laser light for re- 
cording information in the test recording area pass- 
es, extends outward from the outer end of the area 
of the first information recording layer correspond- 
ing to the test recording area by a length 6', the 
length 6' being represented by: 

6' - d4an(s!n"^(NA/n)) + 6m 

where 6m is a maximum positional offset distance 
between the first information recording layer and 
the second information recording layer 
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5. An optical information recording medium according 
to claim 4, wherein the second information record- 
ing layer Includes a data recording area which ex- 
tends from the end of the test recording area by at 
least the length 6'. 

6. An optical information recording medium, compris- 
ing: 

a first information recording layer on which in- 
formation is to be recorded by laser light; and 
a second information recording layer on which 
information is to be recorded by the laser light 
which has passed through the first information 
recording layer, 

wherein: 

the first information recording layer includes a 
prescribed area, 

the second information recording layer includes 
a test recording area, 

the prescribed area and the test recording area 
are located such that the prescribed area in- 
cludes an area of the first information recording 
layer through which the laser light for recording 
inforniation in the test recording area passes, 
and 

the prescribed area is entirely in a recorded 
state or entirely in an unrecorded state. 

7. An optical information recording medium according 
to clainn 6, wherein the prescribed area, when being 
in an unrecorded state, is a recording prohibited ar- 
ea. 

8. An optical information recording medium according 
to clainn 6, wherein the prescribed area, when being 
in an unrecorded state, is a mirror area. 

9. An optical information recording medium according 
to claim 6, wherein the prescribed area, when being 
in an unrecorded state, is a lead-in area. 

10. An optical information recording medium according 
to claim 6, further comprising a separation layer for 
separating the first information recording layer and 
the second information recording layer from each 

other, 
wherein: 

the area of the first information recording layer, 
through which the laser light for recording infor- 
mation in the test recording area passes, ex- 
tends outward from an outer end of an area of 
the first information recording layer corre- 
sponding to the test recording area by a length 
5, the length 6 being represented by: 



a - d-tan(sin""'(NA/n)), 

where cl is a distance in a thickness direction be- 
5 tween the first information recording layer and the 

second information recording layer; n is a refractive 
index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
light to the test recording area. 

1 1 . An optical information recording medium according 

to claim 1 0, wherein tho second information record- 
ing layer has a data recording area which extends 
from an end of the test recording area by at least 
?5 the length 6. 

12. An optica! information recording medium according 
to claim 1 0. wherein the area of the first information 
recording layer, through wh ch the laser light for re- 

20 cording information in the test recording area pass- 
es, extends outward from the outer end of the area 
of the first information recording layer correspond- 
ing to the test recording area by a length 6', the 
length 5' being represented by: 

25 

5' = d.tan(sin""'(NA/n)) + 6m 

where 5m is a maximum positional offset distance 
50 between the first information recording layer and 
the second Information recording layer 

13. An optica! information recording medium according 
to claim 1 2, wherein the second information record- 

35 ing layer includes a data recording area which ex- 

tends from the end of the test recording area by at 
least the length d\ 

14. An optica! information recording medium, compris- 
40 ing: 

a first information recording layer on which in- 
formation is to be recorded by laser light; and 
a second information recording layer on which 
information is to be recorded by the laser light 
which has passed through the first Information 
recording layer, 

wherein: 

50 

the first infomnation recording layer includes a 
test recording area and a recording and repro- 
duction area, 

a light transmittance of an area of the first infor- 
55 mation recording layer, through which the laser 

lightfor recording information in the test record- 
ing area passes, is different from a light trans- 
mittance of an area of the first information re- 
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cording layer, through which the laser light for 
recording information in the recording and re- 
production area passes, and 
Information for calculating an optimum record- 
ing condition ofat least one of the test recording 5 
area and the recording and reproduction area 
is recorded in a specific area of either the first 
information recording layer or the second infor- 
mation recording layer. 

10 

15. An optica! information recording medium, compris- 
ing: 

a first information recording layer on which in- 
formation is to be recorded by laser light; and 15 
a second information recording layer on which 
information is to be recorded by the laser light 
which has passed through the first information 
recording layer, 

20 

wherein; 

the first information recording layer includes at 
least one of a reproduction -only area and a first 
recording and reproduction area, 25 
the second information recording layer includes 
a second recording and reproduction area, and 
at least one of the reproduction-only area and 
the first recording and reproduction area, and 
the second recording and reproduction area 30 
are located such that one of the reproduction- 
only area and the first recording and reproduc- 
tion area includes an area of the first informa- 
tion recording layer through which the laser 
light for recording inrormation in the second re- 35 
cording and reproduction area passes. 

16. An optical information recording medium according 
to claim 15, further comphsing a separation layer 
for separating the first information recording layer 40 
and the second information recording layer from 
each other, 
wherein: 

the area of the first Information recording layer, 45 
through which the laser light for recording infor- 
mation in the second recording and reproduc- 
tion area passes, extends outward from an out- 
er end of an area of the first information record- 
ing layer corresponding to the second record- 50 
ing and reproduction area by a length 6, the 
length b being represented by; 

5- d-tanCsin'^NA/n)), 55 

where d is a distance in a thickness direction be- 
tween the first information recording layer and the 



second information recording layer: n is a refractive 
index of the separation layer: and NA is a numerical 
aperture of an objective lens for focusing the laser 
light to the second recording and reproduction area. 

17. An optical informaLion recording medium according 
to claim 1 6, wherein the area of the first information 
recording layer, through which the laser light for re- 
cording information in the second recording and re- 
production area passes, extends outward from the 
outer end of the area of the first infonnation record- 
ing layer corresponding to the second recording 
and reproduction area by a length 5', the length 8' 
being represented by: 

6' - d.tan(sin"\NA/n)) + 6m 

where 5m is a maximum positional offset distance 
between the first information recording layer and 
the second information recording layer. 

18. An optical Information recording medium according 

to claim 16, wherein a size of the reproduction-only 
area of the first information recording layer is zero. 

19. An optical information recording medium, compris- 
ing; 

a first information recording layer on which in- 
formation Is to be recorded by laser light: 
a second information recording layer on which 
inforniation Is to be recorded by the laser light 
which has passed through the first information 
recording layer; and 

a separation layer for separating the first infor- 
mation recording layer and the second informa- 
tion recording layer from each other, 

wherein: 

the first information recording layer includes at 
a first test recording area and a non-uniform 
light prevention area, 

the second information recording layer includes 
a second test recording area, and 
the non-uniform light prevention area, the first 
test recording area and the second test record- 
ing area are located, such that a distance be- 
tween the first test recording area and the sec- 
ond test recording area is greater than a length 
6, and such that the non-uniform light preven- 
tion area includes an area of the first informa- 
tion recording layer through which the laser 
light for recording information in the second test 
recording area passes, the length 6 being rep- 
resented by: 
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6 - d.tan(sin"'^(NA/n)), 

where d is a distance in a thickness direction be- 
tween the first information recording layer and the 5 
second information recording layer; n is a refractive 
index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
light to the second test recording area. 

10 

20. An optical information recording medium according 
to claim 19, wherein: 

the first information recording layer includes at 
least one of a first lead-in area and a first lead- 15 
out area, 

the second information recording layer includes 
at least one of a second fead-in area and a sec- 
ond lead-out area, and 

the first !ead-in area and the second iead-in ar- 20 
ea respectively include the first test recording 
area and the second test recording area, orthe 
first lead-out area and the second lead-out area 
respectively include the first test recording area 
and the second test recording area. 25 

21. An optical information recording medium according 
to claim 19, wherein the non-uniform light preven- 
tion area of the first information recording layer is a 
reproduction-only area. 30 

22. An optical information recording medium according 
to claim 19, wherein the non-unlfonn fight preven- 
tion area is an area formed of at least one of the 
group consisting of a reproduction-only area, a re- 35 
cording prohibited area, and a mirror area. 

23. An optical information recording medium according 
to claim 1 9 , wherein the area of the first information 
recording layer, through which the laser light for re- 40 
cording infonnation in the second test recording ar- 
ea passes, extends outward from an outer end of 

an area of the first information recording layer cor- 
responding to the second test recording area by a 
length 5', the length 5' being represented by: 45 

6' - d-tan(sin"'' (NA/n)) + 5m 

where 8m is a maximum positional offset distance so 
between the first information recording layer and 
the second infomnation recording layer. 

24. An optical information recording medium according 

to claim 22, wherein the area of the first information 55 
recording layer, through which the laser light for re- 
cording information in the second test recording ar- 
ea passes, extends outward from an outer end of 



an area of the first infomnation recording layer cor- 
responding to the second test recording area by a 
length 8', the length 5' being represented by: 

6' - d^tan(stn'"'(NA/n)) 4- Sm 

where 6m is a maximum positional offset distance 
between the first information recording layer and 
the second information recording layer. 

25. An optical information recording method for an op- 
tical information recording medium including a first 
information recording layer on which information is 
to be recorded by laser light; and a second informa- 
tion recording layer on which Information is to be 
recorded by the laser light which has passed 
through the first information recording layer, 
wherein: 

the first information recording layer includes at 
least one of a reproduction-only area and a re- 
cording and reproduction area, and 
the second information recording layer includes 
a test recording area, 

the optical information recording method com- 
prising the steps of. 

recording information, in advance, in an ar- 
ea of the first information recording layer, 
through which the laser light tor recording 

information in the test recording area is to 

pass; and 

recording the Infonnation In the test record- 
ing area after the step of recording the in- 
formation in advance. 

26. An optical information recording method according 
to claim 25, further comprising a separation layer 
for separating the first information recording layer 
and the second information recording layer from 
each other, 
wherein: 

the area of the first information recording layer, 
through which the laser light for recording infor- 
mation in the test recording area passes, ex- 
tends outward from an outer end of an area of 
the first information recording layer corre- 
sponding to the test recording area by a length 
6, the length 6 being represented by: 

6 = d.tan (sin'^NA/n)). 

where d is a distance in a thickness direction be- 
tween the first information recording layer and the 
second information recording layer; n is a refractive 
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index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
fight to the test recording area. 

27. An optical information recording method according 3 

to claim 26, wherein the area of the first information 
recording layer, through which the laser light for re- 
cording information in the test recording area pass- 
es, extends outward from the outer end of the area 
of the first information recording layer correspond- io 
ing to the test recording area by a length d\ the 
length 8' being represented by: 

5' - d'tan(sjn"'' (NA/n)) + 6m ^5 

where 6m is a maximum positional offset distance 
between the first information recording layer and 
the second infonnation recording layer. 

20 

28. An optical information recording method according 
to claim 25, wherein the information which is record- 
ed in advance is information obtained by modulat- 
ing dummy information. 

25 

29. An optica! information recording method according 
to claim 25, wherein the step of recording the infor- 
mation In advance includes the step of recording us- 
ing a certification step. 

30 

30. An optical Information recording method for an op- 
tical information recording medium including a first 
Information recording layer on which Information Is 
to be recorded by laser light: and a second informa- 
tion recording layer on which information is to be 35 
recorded by the laser fight which has passed 
through the first information recording layer, 

wherein: 

the first information recording layer includes at 40 
least one of a reproduction-only area and a re- 
cording and reproduction area, and 
the second information recording layer includes 

a test recording area, 

the optical information recording method com- 45 
prising the steps of: 

determining whether an area of the first in- 
formation recording layer, through which 
the laser light for recording information In so 
the test recording area passes, is an area 
of one of the reproduction-only area and 
the recording and reproduction area which 
is an unrecorded state or an area of the re- 
cording and reproduction area which is in 55 
a recorded state; 

executing test recording in the test record- 
ing area so as to obtain a recording condi- 



tion: and 

calculating an optimum recording condition 
for the second information recording layer 

based on the result of the determination 
and the obtained recording condition. 

31 . An optical information recording method according 
to claim 30, wherein: 

the optical information recording mediumi fur- 
ther includes a separation layer for separating 
the first information recording layer and the 
second information recording layer from each 
other, and 

the area of the first information recording layer, 
through which the laser light for recording infor- 
mation In the test recording area passes, ex- 
tends outward from an outer end of an area of 
the first information recording layer corre- 
sponding to the test recording area by a length 
the length 6 being represented by: 

6 - d.tan(sin'^(NA/n)), 

where d Is a distance In a thickness direction be- 
tween the first information recording layer and the 
second information recording layer; n is a refractive 
index of the separation layer; and NA is a numerical 
aperture of an objective lens for focusing the laser 
light to the second recording and reproduction area. 

32. An optical Information recording method according 
to claim 31 ^ wherein the area of the first information 
recording layer, through which the laser light for re- 
cording information in the test recording area pass- 
es, extends outward from the outer end of the area 
of the first information recording layer correspond- 
ing to the test recording area by a length S\ the 
length being represented by: 

6' = d.tan(sln"^(NA/n)) 4- 5m 

where 5m is a maximum positional offset distance 
between the first Information recording layer and 
the second information recording layer. 

33. An optical information recording method according 
to claim 30, wherein the information for calculating 
the optimum recording condition is recorded in a 
specific area of the first information recording layer 
and the second information recording layer, 

34. An optical information recording apparatus for an 
optical Information recording medium including a 

first information recording layer on which informa- 
tion is to be recorded by laser light; and a second 
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information recording layer on which information is 
to be recorded by the laser light which has passed 
through the first information recording layer 

wherein the second information recording lay- 
er includes a test recording area, s 

the optical information recording apparatus 
comprising; 

an interference area determination section for 
determining an area of the first information re- io 
cording layer through which the laser light for 
recording information in the test recording area 
passes; 

a recorded/unrecorded state determination 
section for determining whether the area of the '5 
first information recording layer, through which 
the laser light for recording information in the 
test recording area passes, is in a recorded 
state or in an unrecorded state; and 
a recordingsectionfor recording a signal in the 20 
area of the first information recording layer, 
through which the laser light for recording infor- 
mation in the test recording area passes, based 
on the results of the determination of the inter- 
ference area determination section and the re- 25 
corded/unrecorded state determination sec- 
tion. 
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